Co smic ra ys a re p a rt icle s t h a t st rike t h e E a rt h a t h ig h sp e e d s, a n d co n se q u e n t ly h ig h e n e rg ie s, f ro m so u rce s wit h in o u r g a la xy a n d b e yo n d . To me a su re p rima ry co smic ra ys-t h e se p a rt icle s t h a t co me d ire ct ly f ro m so u rce s in o u t e r sp a ce , yo u wo u ld n e e d t o t ra ve l ve ry h ig h in t o t h e E a rt h 's a t mo sp h e re . Th e se p rima ry co smic ra ys co llid e wit h p a rt icle s in o u r a t mo sp h e re a n d p ro d u ce p a rt icle s ca lle d se co n d a ry co smic ra ys-ma n y o f wh ich a re mu o n s o r e le ct ro n s. Th e B e rke le y L a b d e t e ct o r me a su re s se co n d a ry co smic ra ys, wh ich ca n b e f o u n d a t , a n d e ve n b e lo w, t h e su rf a ce o f t h e e a rt h .
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General I nf or mation
Co smic ra ys a re p a rt icle s t h a t st rike t h e E a rt h a t h ig h sp e e d s, a n d co n se q u e n t ly h ig h e n e rg ie s, f ro m so u rce s wit h in o u r g a la xy a n d b e yo n d . To me a su re p rima ry co smic ra ys-t h e se p a rt icle s t h a t co me d ire ct ly f ro m so u rce s in o u t e r sp a ce , yo u wo u ld n e e d t o t ra ve l ve ry h ig h in t o t h e E a rt h 's a t mo sp h e re . Th e se p rima ry co smic ra ys co llid e wit h p a rt icle s in o u r a t mo sp h e re a n d p ro d u ce p a rt icle s ca lle d se co n d a ry co smic ra ys-ma n y o f wh ich a re mu o n s o r e le ct ro n s. Th e B e rke le y L a b d e t e ct o r me a su re s se co n d a ry co smic ra ys, wh ich ca n b e f o u n d a t , a n d e ve n b e lo w, t h e su rf a ce o f t h e e a rt h .
T he Berkeley Lab Detector
A wo o d e n b o x p ro vid e s t h e f ra me o f t h e d e t e ct o r. A circu it
b o a rd is mo u n t e d , u sin g n u t s a n d t h e swit ch e s o n t h e b o a rd , t o a L u cit e p a n e l. Th is p a n e l, in t u rn , is f a st e n e d wit h scre ws t o t h e 
il (wit h t h e e xce p t io n o f t h e p a rt o f t h e scin t illa t o r t o u ch in g t h e f a ce o f t h e p h o t o t u b e ) a n d t h e n co ve re d
wit h ca rd b o a rd . Th e se p re p a re d p ie ce s o f scin t illa t o r a re ca lle d p a d d le s.
Th e d e t e ct o r re q u ire s a 1 2 V p o we r so u rce t o o p e ra t e . Th e p o we r so u rce ca n b e a co mmo n 1 2 V t ra n sf o rme r, wh ich ca n b e f o u n d in ma n y h o b b y st o re s, a 1 2 V o u t le t f ro m a n a u t o mo b ile , o r a st a n d a rd 1 2 V b a t t e ry.
How it Works
Wh e n a h ig h -e n e rg y p a rt icle p a sse s t h ro u g h t h e scin t illa t o r p a d d le , e le ct ro n s in t h e scin t illa t o r b e co me e xcit e d . Th e e le ct ro n s re le a se a f la sh o f lig h t , a n d re t u rn t o t h e ir g ro u n d st a t e . Th e lig h t ,
a f e w p h o t o n s, h it s t h e p h o t o ca t h o d e o f t h e p h o t o mu lt ip lie r t u b e .
I n sid e t h e p h o t o t u b e is a p h o t o ca t h o d e , a p la t e co a t e d wit h a lig h t se n sit ive ma t e ria l t h a t h a s a lo w wo rk f u n ct io n . Co n se q u e n t ly, it d o e s n o t t a ke mu ch e n e rg y in p u t t o e xcit e t h e io n e n o u g h f o r it t o re le a se a n e le ct ro n .
Th e lig h t f ro m t h e scin t illa t o r st rike s t h e p h o t o ca t h o d e a n d p ro d u ce s a n e le ct ro n . Th is e le ct ro n t ra ve ls (b e ca u se o f a vo lt a g e LBNL--46909 3 p o t e n t ia l d if f e re n ce b u ilt in t o t h e p h o t o t u b e ) t o a n o t h e r co a t e d p la t e a n d kn o cks o f se ve ra l mo re e le ct ro n s.
Th e se e le ct ro n s co n t in u e a n d st rike a n o t h e r p la t e , e a ch re le a sin g st ill mo re e le ct ro n s. Th is p ro ce ss co n t in u e s, p la t e a f t e r p la t e , u n t il t h e re a re a su f f icie n t n u mb e r o f e le ct ro n s t o p ro d u ce a se ve ra l h u n d re dmillivo lt sig n a l.
Un f o rt u n a t e ly, t h e p h o t o t u b e s a re so se n sit ive t h a t t h e re is a p h e n o me n o n , wh ich is ca lle d "p h o t o t u b e n o ise ". Fo r e xa mp le , t h e rma l e n e rg y ca n ca u se a n e le ct ro n t o "b o il o f f " o f o n e o f t h e io n s. Th e n t h e e le ct ro n s co n t in u e a lo n g , e xcit in g o t h e r e le ct ro n s, a s b e f o re , a n d cre a t in g a sig n a l. To min imize t h is n o ise , t wo p a d d le s a re u se d "in co in cid e n ce ". Th is me a n s t h a t if b o t h p a d d le s re g ist e r a n e ve n t ve ry clo se t o g e t h e r wit h in a ve ry sh o rt p e rio d o f t ime , it is co u n t e d a s a co smic ra y.
Th e circu it b o a rd , wh ich co n t a in s t h e simp le co in cid e n ce lo g ic, co mp a re s t h e in p u t s f ro m e a ch p h o t o mu lt ip lie r t u b e a n d d e t e rmin e s wh ich me e t t h e crit e rio n f o r a n e ve n t . Th e b o a rd ke e p s t ra ck o f t h e se co u n t s a n d d isp la ys t h e m. S in ce t h e n o ise co u n t s a re ra n d o m in t ime , t h e y d o n o t p ro d u ce a co in cid e n t co u n t . Th is d e t e ct o r re q u ire s t h a t h it s in e a ch p a d d le o ccu r wit h in 8 0 0 n a n o se co n d s o r 8 5 1 0 -7 se co n d s.
Operating the Detector
To t u rn t h e d e t e ct o r o n , co n n e ct it t o a p o we r so u rce b y in se rt in g co n n e ct in g t h e t ra n sf o rme r t o a p lu g a n d in se rt in g t h e o t h e r e n d in t o t h e co n n e ct o r. Th e d isp la y n u mb e rs will lig h t u p .
Yo u co n t ro l t h e d e t e ct o r wit h t h e f o u r swit ch e s a s f o llo ws:
LBNL--46909 4 B u z z e r On / B u z z e r Of f Wh e n in t h e "B u zze r O n " p o sit io n , t h e b u zze r will b e e p e a ch t ime t h e d e t e ct o r re co rd s a n o t h e r co u n t . I t will b e e p wh e t h e r t h e d e t e ct o r is in co u n t in g mo d e o r n o t , p ro vid e d t h e d e t e ct o r is o n . "B u zze r O f f " d e a ct iva t e s it .
C o u n t I n f in ite ly/ Ho ld / Time d C o u n t Wit h "Co u n t I n f in it e ly", t h e d e t e ct o r co n t in u e s t o co u n t u n t il t h e swit ch is mo ve d t o t h e "Ho ld ". Th e n it d isp la ys t h e la st co u n t . Yo u ma y co u n t p a st 9 9 9 if yo u ke e p t ra ck o f t h e t h o u sa n d s d ig it yo u rse lf -t h e n u mb e rs ro ll o ve r t o 0 0 0 a n d co n t in u e co u n t in g . "Time d co u n t " st o p s co u n t in g a f t e r 6 0 se co n d s a n d t h e n co n t in u e s t o d isp la y t h e co u n t u p t o t h a t t ime .
A f t e r yo u h a ve st a rt e d a t ime d co u n t , t h e d e t e ct o r ca n n o t b e re se t wit h o u t t u rn in g t h e p o we r o f f . To d o a n o t h e r t ime d co u n t , yo u mu st wa it u n t il t h e clo ck st o p s.
Up p e r Sin g le / C o in c id e n c e / L o we r Sin g le "Co in cid e n ce " co u n t s co smic ra ys wh e n t h e d e t e ct o r is co u n t in g b y t h e p rin cip le s e xp la in e d in t h e se ct io n e n t it le d "Ho w it Wo rks. "
LBNL--46909 "Up p e r S in g le " a n d "L o we r S in g le " will in cre me n t t h e co u n t a n y t ime a p a rt icle wit h e n o u g h e n e rg y p a sse s t h ro u g h t h e se le ct e d scin t illa t o r. P h o t o t u b e n o ise ca n a lso re su lt in co u n t s. Usin g t h e sin g le mo d e s, yo u ca n d e mo n st ra t e t h e e xist e n ce o f b a ckg ro u n d n o ise a n d t h e n e ce ssit y o f t h e co in cid e n ce circu it .
C o u n t Mo d e / C le a r Th e u p p e r p o sit io n is "Co u n t in g Mo d e ".
Th is me a n s t h a t t h e d e t e ct o r will d isp la y co u n t s. Th e lo we r p o sit io n is "Cle a r. " Th is ze ro s t h e d isp la y. Th e d e t e ct o r will n o t d isp la y co u n t s if t h e swit ch is le f t in t h e "Cle a r" p o sit io n .
A d d it io n a lly, cle a rin g t h e d isp la y d o e s n o t st o p t h e t ime o n
t ime d co u n t . Th e co u n t will re ma in a t ze ro a s lo n g a s t h e swit ch is in t h e cle a r p o sit io n , a n d it will co n t in u e co u n t in g if it is re t u rn e d t o "Co u n t in g Mo d e . "
Changing the T imer with the Adjustable Resistor
Th e a d ju st a b le re sist o r is u se d t o ch a n g e t h e le n g t h o f t ime t h e d e t e ct o r co u n t s wh e n it is se t in "Time d Co u n t " mo d e . Use a sma ll scre wd rive r t o a d ju st t h is re sist o r, wh ich is lo ca t e d a t R2 4 .
To se t it t o 6 0 se co n d s, yo u n e e d t o t ime it , a d ju st it , a n d t ime it a g a in . Th e scre w ca n co mp le t e 2 0 f u ll t u rn s. To g e t a n id e a o f h o w ma n y t u rn s yo u n e e d , d e t e rmin e t h e t ime ch a n g e in o n e t u rn t o f in d a p p ro xima t e ly h o w ma n y t u rn s yo u n e e d t o a rrive a t 6 0 se co n d s. Th e n ma ke f in e r a d ju st me n t s.
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6 Deter mining Average Count Rate and E r ror
Sa mp le d a ta
Th e co smic ra y d e t e ct o r wa s o rie n t e d wit h it s p a d d le s p a ra lle l t o t h e g ro u n d . I n t h is g e o me t ry, it me a su re d ve rt ica l co smic ra ys.
E a ch t ria l wa s f o r 6 5 se co n d s.
Tr a i l # o f Co u n t s 1 11 0 2 1 4 1 3 9 7 4 1 0 6 5 11 5 6 11 8 7 1 2 1 8 1 2 1 9 11 0 1 0 1 2 5 Tota l 11 6 0
How to calculate the rate Th e t o t a l n u mb e r o f co u n t s, N, is t h e n 11 6 0 co u n t s in 1 0 . 8 min u t e s Th e e rro r, o r sig ma , s, ca n b e ca lcu la t e d b y t a kin g t h e sq u a re ro o t o f N. N = 11 6 0 co u n t s d ivid e d b y 1 0 . 8 min = 1 0 7 co u n t s/ min s= √11 6 0 co u n t s d ivid e d b y 1 0 . 8 min = 3 . 2 co u n t s/ min S o , t h e a ve ra g e co u n t ra t e = 1 0 7 ± 3 co u n t s/ min
Alter native Data Collection: Using the T I CBL Digital P robe
Th e co smic ra y d e t e ct o r co lle ct s d a t a -t h e n u mb e r o f co u n t s p e r t ime .
O n e wa y o f a cq u irin g t h is d a t a is simp ly b y re a d in g t h e d isp la y n u mb e rs. A n o t h e r wa y t o re t rie ve d a t a is b y u sin g t h e LBNL--46909
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Ca lcu la t o r B a se d L a b o ra t o ry (CB L ), a Te xa s I n st ru me n t s 2 p ro d u ct .
Th e CB L is a h a n d -h e ld d e vice , wh ich wo rks in co n ju n ct io n wit h
Te xa s I n st ru me n t s' g ra p h in g ca lcu la t o rs. I t is d e sig n e d f o r co lle ct in g scie n t if ic d a t a in t h e cla ssro o m. Th e ca lcu la t o r se n d s co mma n d s t o t h e CB L via a co rd , wh ich is in clu d e d wit h t h e ca lcu la t o r. Th e d a t a is se n t t o t h e CB L f ro m t h e b o a rd t h ro u g h Te xa s I n st ru me n t s' cu st o m p ro b e cre a t e d f o r t h e CB L . Th e CB L ca n b e u se d t o ke e p t ra ck o f t ime wh ile co u n t in g co smic ra y e ve n t s.
Yo u n e e d p ro g ra ms so t h a t t h e Te xa s I n st ru me n t s ca lcu la t o r ca n co mmu n ica t e wit h t h e CB L . B e lo w a re p ro g ra ms 3 writ t e n f o r a TI -8 3 . P re ss P ro g ra m, se le ct Ne w, a n d e n t e r t h e n a me o f t h e p ro g ra m. Th e n , in p u t t h e se p ro g ra ms.
I f yo u h a ve n e ve r p ro g ra mme d t h is ca lcu la t o r b e f o re o r if yo u d o n o t kn o w wh e re t o f in d t h e f u n ct io n s (su ch a s G e t , P ro mp t , min , o r P a u se ) ca lle d in t h e f o llo win g p ro g ra ms, co n su lt t h e b o o k a cco mp a n yin g yo u r ca lcu la t o r. To ma ke "AE ", u se t h e S TO AE (st o re ) ke y.
E n t e r t h e p ro g ra m TI ME in t o yo u r ca lcu la t o r b e f o re CO UNTMA X o r NCO UNTS b e ca u se t h e la t t e r t wo p ro g ra ms n e e d t o ca ll TI ME in o rd e r t o wo rk.
I t is n o t p o ssib le t o writ e a p ro g ra m, wh ich t e lls t h e CB L a t ime a n d t h e n re t u rn s t h e n u mb e r o f co u n t s in t h a t t ime . Th e re f o re , t h is p ro g ra m u t ilize s a d if f e re n t a p p ro a ch b y t e llin g t h e CB L t h e re will
b e 5 1 2 co u n t s. Th e CB L ca n t h e n b e a ske d t o re t u rn t h e t ime .
Th is p ro g ra m ca lls TI ME , wh ich f o llo ws, a n d will n o t wo rk u n le ss TI ME h a s a lso b e e n in p u t . Yo u will g e t a n in co rre ct va lu e f o r t h e
t ime if yo u d o n o t wa it u n t il t h e CB L h a s f in ish e d g e t t in g t h e 2
M or e i nfor m ati on c an be found at T ex as Ins tr um ents ' w eb page at http://w w w .ti .c om /c al c /doc s /c bl .htm .
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8 d a t a -d isp la ys "DO NE "-b e f o re yo u p re ss e n t e r. I n a d d it io n , p re ss t h e E n t e r ke y a t t h e e n d o f t h e p ro g ra m a f t e r yo u h a ve re co rd e d t h e t ime . I f yo u lo o k a t L 1 a f t e r e xe cu t in g t h is p ro g ra m, yo u ca n g e t a list o f t h e t ime s e a ch co smic ra y e ve n t o ccu rre d . P ro g ra m n a me d TI ME : :Get(L1 ) :Get(L1 ) :L1 AE CRAY :max(LCRAY)-min(LCRAY)AE A :ClrHome :Output(1,1,"TIME") :Output(2,1,A) :Output(4,1,"SECONDS") :Pause :ClrHome P ro g ra m n a me d CO UNTMA X : :Send({0}) :{1,1,2}AE L6 :Send(L6 ) :{3,0,512,3,21,2,0,0,1)AE L6 :Send(L6 ) :ClrHome :Output(1,1,"PRESS ENTER") :Output(2,1,"AFTER CBL IS") :Output(3,1,"DONE") :Pause :prgmTIME I f yo u wa n t f le xib ilit y wit h t h e n u mb e r o f co u n t s yo u u se , t ry
NCO UNTS . I t a llo ws t h e u se r t o ch o o se t h e n u mb e r o f co u n t s.
Th is n u mb e r mu st b e a p o sit ive in t e g e r le ss t h a n , o r e q u a l t o 5 1 2 . I f yo u d o n o t , t h e CB L will re t u rn a n e rro r. 
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:Output(3,1,"DONE") :Pause :prgmTIME
A t t a ch t h e ca lcu la t o r t o t h e CB L wit h t h e a p p ro p ria t e co rd ,
ma kin g su re t h e co rd is f irmly p u sh e d in . P lu g t h e CB L co rd in t o t h e "DI G I N" ch a n n e l. Tu rn o n t h e CB L a n d ca lcu la t o r. Co n n e ct t h e co smic ra y d e t e ct o r t o a p o we r so u rce .
Th e co smic ra y d e t e ct o r d o e s n o t h a ve t o b e in "co u n t mo d e " wh e n yo u a re t a kin g d a t a wit h t h e CB L . E xe cu t e CO UNTMA X o r NCO UNTS . Th e CB L
sh o u ld d isp la y "RE A DY " a n d t h e n "S A MP L I NG ". Wh e n it sh o ws "DO NE , " p re ss e n t e r t o re t rie ve t h e t ime .
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Co mp a re t h e co u n t ra t e o f t h e d e t e ct o r wit h t h e p a d d le s p a ra lle l a n d t h e n p e rp e n d icu la r t o t h e g ro u n d .
Co mp a re t h e co u n t ra t e o f t h e d e t e ct o r wit h a la rg e sla b o f me t a l b e t we e n t h e p a d d le s a n d wit h o u t .
Me a su re t h e co smic ra y f lu x a t d if f e re n t e le va t io n s. Ta ke t h e d e t e ct o r t o t h e lo we st lo ca t io n n e a r yo u . Th e n t a ke it t o t h e h ig h e st e le va t io n in yo u r a re a . Ma ke su re t h a t yo u t a ke e n o u g h d a t a so t h a t yo u h a ve su f f icie n t a ccu ra cy t o me a su re t h e d if f e re n ce co u n t ra t e in t h e d if f e re n t lo ca t io n s.
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Appendix 1 Background on Cosmic Rays P rima ry co smic ra ys a re t h e p a rt icle s o rig in a t in g f ro m a st ro p h ysica l so u rce s. A s su ch , e le ct ro n s, p ro t o n s, h e liu m, ca rb o n , o xyg e n , a n d iro n a re in clu d e d in t h is p a rt icle sp e ct ru m;
t h e y a re a ll re a d ily f o u n d wit h in st a rs. S o me p rima ry co smic ra ys a re t h e re su lt o f so la r f la re s t h a t a re in t e n se d ist u rb a n ce s o n t h e su rf a ce o f o u r su n . O t h e r co smic ra ys a re t h e re su lt o f e xp lo d in g su p e rn o va e . Wh e n t h e se la t e -st a g e d st a rs co lla p se , t h e y la u n ch p a rt icle s in t o sp a ce a t n e a rly t h e sp e e d o f lig h t .
S e co n d a ry co smic ra ys a re p a rt icle s t h a t re su lt f ro m t h e in t e ra ct io n o f p rima ry co smic ra ys a n d p a rt icle s in o u r a t mo sp h e re .
Th is co mp o sit io n sp e ct ru m in clu d e s lit h iu m, b e rylliu m, a n d b o ro n n u cle i. A n o t h e r re su lt o f t h e se co llisio n s is t h e p ro d u ct io n o f ch a rg e d me so n s, wh ich d e ca y in t o mu o n s a n d n e u t rin o s, a n d u n ch a rg e d me so n s, wh ich d e ca y in t o e le ct ro n s a n d p h o t o n s.
S ome P ossible Decay Reactions p + n AE p + p + -A p ro t o n (p ) a n d n e u t ro n (n ) co llid e re su lt in g in t wo p ro t o n s a n d a n e g a t ive ly ch a rg e d p io n (p -), a me mb e r o f t h e me so n f a mily. Th e n p -AE m -+ n He re , t h e p io n (p -) d e ca ys in t o a n e g a t ive ly ch a rg e d mu o n (m -) a n d a n e u t rin o (n). Th e me a n h a lf f o r t h is d e ca y is 2 . 6 ¥ 1 0 -8 s.
12 p + n AE p + n + 0 A n o t h e r p o ssib le sce n a rio is t h a t t h e co llisio n b e t we e n t h e p ro t o n (p ) a n d n e u t ro n (n ) re su lt s in a p ro t o n , a n e u t ro n , a n d a n u n ch a rg e d p io n (p 0 ).
Th is p io n (p 0 ) d e ca ys in t o t wo p h o t o n s (g). A n o t h e r n a me f o r t h is
e n e rg y p h o t o n is a g a mma ra y. Th e me a n lif e o f t h e p 0 d e ca y is 8 . 4 ¥1 0 -1 7 se co n d s. Th e p h o t o n s ca n st rike t h e d e t e ct o r o r in t e ra ct wit h o t h e r n u cle i a n d p ro d u ce e le ct ro n s.
S e co n d a ry co smic ra ys ca n b e p ro d u ce d f ro m p ro t o n -p ro t o n in t e ra ct io n s, ju st a s t h e p ro t o n -n e u t ro n re a ct io n s t h a t we re p re vio u sly d e scrib e d . Mu o n s a n d g a mma ra ys a re p ro d u ce d f ro m t h e in t e ra ct io n s.
O f t e n , t h e in co min g p rima ry co smic ra y will h a ve su f f icie n t e n e rg y f o r t h e d e ca y se q u e n ce s o f t h e re su lt in g se co n d a ry co smic ra ys t o se t o f f n e w d e ca y se q u e n ce s. Fo r e xa mp le , t h e g a mma -ra y p h o t o n s ca n t h e mse lve s t h e n p ro d u ce mo re e le ct ro n s, wh ich ma y a g a in p ro d u ce mo re g a mma -ra y p h o t o n s, e t c. I f t h e in co min g p rima ry co smic ra y h a s e n o u g h e n e rg y, t h is p ro ce ss ma y b e re p e a t e d ma n y t ime s. E ve n t u a lly, a h u g e n u mb e r o f p a rt icle s ca n b e d e t e ct e d a t g ro u n d le ve l o ve r a n a re a o f ma n y sq u a re kilo me t e rs. Th is b a rra g e o f p a rt icle s st re a min g d o wn t h ro u g h E a rt h 's a t mo sp h e re is co mmo n ly re f e rre d t o a s a n e xt e n sive a ir sh o we r.
Facts about Cosmic Rays
A t t h e su rf a ce o f t h e e a rt h , t h e mo st p le n t if u l ch a rg e d co smic ra ys a re mu o n s.
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Co smic ra ys e ve n p e n e t ra t e t h e e a rt h 's su rf a ce , a n d ca n b e d e t e ct e d u n d e rg ro u n d .
Co smic ra ys a cco u n t f o r a p p ro xima t e ly 1 0 % o f t h e ra d ia t io n yo u re ce ive e a ch ye a r.
P e o p le wh o live a ro u n d 7 0 0 0 ' e le va t io n g e t a b o u t d o u b le t h e d o se o f co smic ra ys t h a n t h o se p e o p le wh o live a t se a le ve l.
Cosmic Ray Detectors Around the World
Co smic ra ys a re d e t e ct e d in a va rie t y o f wa ys d e p e n d in g u p o n t h e ir e n e rg y. S in ce t h e lo we st e n e rg y co smic ra ys a re e a sily a b so rb e d b y E a rt h 's a t mo sp h e re , t h e y ca n o n ly b e d e t e ct e d b y e q u ip me n t a b o a rd sa t e llit e s, h ig h a lt it u d e b a llo o n s, a n d o t h e r d e t e ct o rs n e a rly o u t sid e o f t h e a t mo sp h e re .
A s n o t e d a b o ve ,
h ig h e r e n e rg y co smic ra ys in t e ra ct in t h e a t mo sp h e re p ro d u cin g co smic ra y a ir sh o we rs. Ma n y o f t h e se a ir sh o we rs a re a b so rb e d in t h e a t mo sp h e re a n d d o n o t re a ch g ro u n d le ve l. Ho we ve r, t h e a ir sh o we r p a rt icle s in it ia lly t ra ve l a t a sp e e d g re a t e r 4 t h a n t h a t o f lig h t in t h e a t mo sp h e re a n d e mit t in y f la sh e s o f lig h t kn o wn a s Ch e re n ko v lig h t . Th is lig h t , a n a lo g o u s t o t h e so n ic b o o m p h e n o me n a , is d e t e ct e d b y ve ry se n sit ive d e t e ct o rs o n cle a r n ig h t s.
Hig h -e n e rg y co smic ra ys ca n b e d e t e ct e d a t t h e su rf a ce o f t h e e a rt h wit h p a rt icle d e t e ct o rs. Usin g se ve ra l d e t e ct o rs in a n a rra y, a p rima ry co smic ra y's a rriva l d ire ct io n ca n b e d e t e rmin e d b y u sin g t h e d e t e ct o rs t o p in p o in t it s lo ca t io n a t se ve ra l d if f e re n t t ime s.
Cu rre n t re se a rch co n t in u e s o n t h e myst e rio u s a n d ra re h ig he n e rg y co smic ra ys (wit h e n e rg ie s g re a t e r t h a n 1 0 1 7 e V ). Cu rre n t ly, LBNL--46909 t h e ir so u rce a n d a n e xp la n a t io n f o r t h e ir h ig h e n e rg ie s a re u n kn o wn . O n e o f t h e se d e t e ct o rs is t h e Fly's E ye , h t t p : / / b ra g g . p h ysics. a d e la id e . e d u . a u / a st ro p h ysics/ HiRe s. h t ml , d e t e ct e d t h e h ig h e st e n e rg y co smic ra y, a sin g le p a rt icle wit h 3 . 2 ¥ 1 0 2 0 e V (o r 5 1 jo u le s) o f e n e rg y.
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Appendix 2 CBL Program to Compute Average Quantities
Th is p ro g ra m, wh ich ma y b e ru n a f t e r co lle ct in g d a t a , re t u rn s t h e a ve ra g e t ime b e t we e n co u n t s a n d t h e st a n d a rd d e via t io n f o r t h is a ve ra g e .
P RO G RA M: I NT : DL ist (LCRAY )-> TI ME : ClrHo me : O u t p u t (1 , 1 , "AV G TI ME B E TWE E N") : O u t p u t (2 , 1 , "CO UNTS : ") : O u t p u t (3 , 1 , me a n (LTI ME )) : O u t p u t (4 , 1 , "S TA N DE V : ") : O u t p u t (5 , 1 , st d De v(LTI ME ))
